Objective: Brain-computer interface (BCI) technology can provide severely disabled people with nonmuscular communication. For those most severely disabled, limitations in eye mobility or visual acuity may necessitate auditory BCI systems. The present study investigates the efficacy of the use of six environmental sounds to operate a 6 Â 6 P300 Speller. Methods: A two-group design was used to ascertain whether participants benefited from visual cues early in training. Group A (N = 5) received only auditory stimuli during all 11 sessions, whereas Group AV (N = 5) received simultaneous auditory and visual stimuli in initial sessions after which the visual stimuli were systematically removed. Stepwise linear discriminant analysis determined the matrix item that elicited the largest P300 response and thereby identified the desired choice. Results: Online results and offline analyses showed that the two groups achieved equivalent accuracy. In the last session, eight of 10 participants achieved 50% or more, and four of these achieved 75% or more, online accuracy (2.8% accuracy expected by chance). Mean bit rates averaged about 2 bits/min, and maximum bit rates reached 5.6 bits/min. Conclusions: This study indicates that an auditory P300 BCI is feasible, that reasonable classification accuracy and rate of communication are achievable, and that the paradigm should be further evaluated with a group of severely disabled participants who have limited visual mobility. Significance: With further development, this auditory P300 BCI could be of substantial value to severely disabled people who cannot use a visual BCI.
Introduction
Brain-computer interface (BCI) technology can provide severely disabled people with non-muscular communication (Wolpaw et al., 2002) . Several different electroencephalographic (EEG) brain signals can be used to operate a BCI. The approach presented here uses the P300 event-related potential (ERP). The P300 is an ERP component that appears as a positive deflection over central and parietal scalp areas approximately 300 ms after the presentation of a rare or salient stimulus. The stimulus can be visual, auditory, or somatosensory. The P300 is an innate response, representing processing activities of stimuli and their context (Sutton et al., 1965) .
The P300 speller, first described by Farwell and Donchin (1988) , uses P300 responses to choose letters from a matrix presented on a computer screen. This visual P300 speller paradigm is well established and provides reasonable control for a BCI (Donchin et al., 2000; Serby et al., 2005; Allison and Pineda, 2003; Krusienski et al., 2006; Sellers et al., 2006; Hoffmann et al., 2008) . It allows the participant to write words and sentences. The operating principle behind the P300 speller is the oddball paradigm (OP), in which target and non-target stimuli are presented in a random series. The participant is then instructed to attend to the target stimulus, which is presented infrequently, and to ignore the non-target stimuli which are presented frequently (Fabiani et al., 1987) . The target stimulus elicits a P300 response that can be reliably detected in the EEG (reviewed in Polich, 2007) .
The P300 speller is a modified OP. The participant is presented with a 6 Â 6 matrix that includes 36 characters. The individual rows and columns flash in rapid succession. The participant's task is to communicate a specific character by attending to that character and counting the number of times it flashes. The flash of the row or column that contains the desired character elicits a P300 response. By determining which row and which column elicit a P300, the BCI can identify the character the participant wants to select. Counting the number of flashes helps to keep the participant's attention focused on the task.
